Abstract. Suspended structures that are used extensively in construction of motorway and pedestrian bridges allow bridging wide spans without having to install intermediate supports. Being less stiff in comparison to girder and arch bridges, suspension bridges require their dynamic properties to be controlled [1, 2]. This is a vital task when it comes to suspension bridges. Several engineering arrangements are available to control the dynamic properties of the structures [3] . This paper addresses the use of active dampers [4] installed on the tops of the towers as the means to control vibrations of a suspension bridge. To this end, a planar 3D model of suspension bridge was built using ANSYS software. The authors compared stress-strain behavior and dynamic properties of the models with and without active vibration dampers. In contrast to the initial model, the model of a bridge equipped with active dampers exhibits less displacement in all cross-sections. Thus, the displacements are reduced 1.7 times in the middle of the central span of suspended stiffening truss; 2.7 times in the middle of the end span; and displacements of the top of the bridge tower are 1.6 times less. The modal analysis has shown that in the model with active dampers the frequency of transverse vibrations at the tower tops has increased 1.9 times, while vertical vibrations have increased within 23%. Under maximum applied overpressure in the active damper, torsional vibrations of the structure have increased 2.4 times as compared to the initial model. The results obtained by the authors allow for the conclusion that active dampers are useful tools for controlling the dynamic properties of a suspension bridge.
Design Model
The structural design model of a suspension bridge used in this study was tied to the location of a proposed bridge across the Northern Dvina River in Arkhangelsk [3] . Planar 3D finite element model was generated in ANSYS software suite. It was a full-size model with 200 m end spans and 450 m middle span. The tower was 90 m high, of which 30 meters were the height of the bridge, and 60 meters were the height of the tower from the stiffening truss to the top of the tower. 01017 (2018) https://doi.org/10.1051/matecconf/201819601017
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Each tower comprises a box-shaped section having the stiffness of ЕА twr = 1,907E+5 MN, EI maxtwr =1,7E+6MN*m 2 , EI mintwr =5,8E+5MN*m 2 , and rigid connection with the ground.
Steel stiffening truss comprised a closed bock-shaped structure [2] with the stiffness of ЕА tr = 5,4E+5 MN, EI maxtr =5E+7MN*m 2 , EI mintr =2E+6MN*m 2 . On one side, the stiffening truss rested on the ground with a hinged immovable support, and a hinged moveable support was used on the other side.
The main suspension cable was assumed to have the stiffness of ЕА cbl = 2,1E+5 MN, and was fixed on independent anchors separately from the truss. The main suspension cable was a solid structure and had no rigid ties with the towers. Stay cables were assumed with the stiffness of ЕА stay = 5,3E+4 MN, and had their hinged ends adjoin the main cable and the truss. The stay cables of the bridge were arranged crosswise at a 10 m interval in the middle third of the central span, and vertically at the same interval in the rest of the model [3] (Figure 1) .
Fig. 1. The Initial Model of the Bridge
Active Fluid Damper
Special engineering arrangements are used to dampen vibrations of high-rise structures resulting from transient effects. A distinction is made between passive and active dynamic dampers. Numerical simulations [4] have proven an active damper to be more efficient than a passive mechanical damper for construction of high-rise structures in seismically hazardous areas.
An active damper is a fluid vibrations dampening device. The operating principle consists in generating an alternating reactive force by alternately opening or closing the opposite valves on the vessel to relief excess pressure of service fluid. The device is described in operation [4] . See the operating principle schematic diagram on The parameters of an active fluid damper used for numerical simulation are described below. The initial weight of the damper was assumed equal to 17% of the weight of the entire structure. The area of the valves' opening was 100cm 2 . The opening/closing time was 0.02 s. Several cases of operation of active dampers with variations of overpressure in the damper vessel were analyzed.
In the case simulating the use of the damper for controlling vibrations of the suspension bridge structure, the active dampers were located at the tops of the towers.
Stress-Strain Analysis
The comparative analysis of stress-strain state of the two models was carried out: the model without structural modifications and the model with active dampers on the tops of the bridge towers. The obtained data were summarized in Table 1 .
The results obtained by numerical simulation show that in terms of the distribution of forces, the performance of the model of a suspension bridge with active dampers on the tops of the towers to be close to the model where no special engineering arrangements were used.
Fairly noticeable changes were observed in displacements of the structural elements. In contrast to the initial model, the model with active dampers on the top of the towers exhibits less displacements in the structural elements: by 28% in the middle of the central span; by 64% in the middle of the end spans, and by 38% at the top of the bridge towers. We have reviewed three cases of overpressure. An increase of overpressure results in the increase of the alternating reactive force, in other words, it increases the stiffness of the bridge tower. The first case simulated maximum overpressure, while in the second and third case it was respectively two and four times lower. As one can see on the plots (Figure 3) , a change 
Modal Analysis
The use of ANSYS system allows displaying a wide range of natural vibrations and identifying the effects of the structural design scheme on the behavior of the model. The outcome of determining the fundamental frequencies of natural vibrations in the initial model and in the model supplied with active dampers is shown in Table 2 . The modal analysis has shown that the fundamental frequency of vibrations in the suspension bridge model supplied with active dampers installed on the tower tops varies by values and directions of vibrations as compared to the initial model. The first mode shape represents transverse vibrations of the system just as in the initial model ( Figure 5) , and the frequency of vibrations is 1.9 times higher. The second mode shape, vertical vibrations, is also consistent with the initial model: the frequency of vibrations observed in the model with active dampers is 12% higher. The forth mode shape and the following mode shapes represent torsional vibrations of different directions ( Figure 5 ). In the model supplied with an active damper, the frequency of torsional vibrations is 1.8 times higher than in the initial model.
The frequency of natural vibrations of a suspended bridge equipped with an active damper shows only moderate decrease in response to the reduction of gas overpressure in the damper vessel: 9% for transverse vibrations, 10% for vertical vibrations, and 24% for torsional vibrations (Figure 6 ). https://doi.org/10.1051/matecconf/201819601017 XXVII R-S-P Seminar 2018, Theoretical Foundation of Civil Engineering When a four-fold decrease in the overpressure of gas occurs in the active damper vessel, the mode shapes of vibrations change places. Any further decrease of overpressure results in the decrease of vibration frequencies, but no further change in their direction occurs.
Aerodynamic Stability Analysis
A change in dynamic properties of the structure has an effect on its aerodynamic stability. The term of aerodynamic stability is written as [5] : is the Strouhal number, which depends on the shape of the structure. For bridges = 0.12 ÷ 0,18, the was assumed to equal 0.15. For wind resonance, the aerodynamic stability by critical velocity is determined using the following formula:
where ℎ is the height of stiffening truss, m; is the breadth of the bridge, m; is the frequency of natural vibrations of the structure, Hz. The results of the calculation of wind resonance critical velocities obtained by the formula (3) for the models analyzed in this paper are listed in Table 3 . 
Conclusion
The modal analysis has shown that in the model with active dampers the frequency of transverse vibrations at the tower tops has increased 1.9 times, while vertical vibrations have increased within 23%. Under the maximum overpressure in the active damper considered in the simulation, the frequency of torsional vibrations has increased 2.4 times versus the initial model. The results obtained by the authors allow for the conclusion that active dampers are useful tools for controlling the dynamic properties of a suspension bridge.
